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Introduction 
Analysis of the environmental impact of semiconductors reveals that the impact is largely 
because of the manufacturing process which requires numerous chemicals and processes. 
It must also be done in an extremely clean environment because the size of details 
manufactured is often less than 1 μm. So the material impact is not embodied in the 
actual final product and one estimate suggests that the mass of material input is about 600 
times the mass of the chip produced. 
 
In 2002 there were about 66 million 200 mm silicon wafers produced worldwide, each 
resulting in perhaps 260 individual ICs. 
 
Inputs into an IC 
Typical weights of integrated circuits such as memory chips are only one or two grams 
but the mass of actual IC chips is typically 40 mg, the rest being the packaging plastic 
and metal leads etc. Typical quantities of materials used in the manufacture of one 
EPROM are shown in table 1. 
 
Table 1 Material used in manufacturing a 1 MBit EPROM in Italy in 2001 
Source: Tiairiol et al 2001 
Material Quantity 
Deionised water 29 kg 
Oxygen 140 mg 
Nitrogen 122 mg 
Hydrogen 2.9 mg 
Ceramic 7 g 
PVC 0.4 g 
HDPE 0.1 g 
Lead 0.03 mg 
Copper 1.2 mg 
Tin 0.15 mg 
Boron 2.9 mg 
Arsenic 6.9 mg 
 
The high environmental impact derives broadly from the high level of technology 
involved in IC manufacture. Firstly a very pure silicon wafer must be created with 
impurities in the parts per billion range. The process is complex and energy intensive. It 
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is done by growing a silicon crystal by a series of chemical processes and then cutting it 
into thin slices. Table 2 gives an idea of the complexity and corresponding energy use. 
 
Table 2 Energy used in the production of silicon wafers – per 2 g silicon output 
Source: Adapted from Williams et al 2002 
Stage Energy MJ/ 2 g 
silicon produced 
Quartz + carbon > silicon 0.09 
Silicon >trichlorosilane 0.36 
Trichlorosilane > ploysilicon 1.80 
Polysilicon > single crystal ingot 1.80 
Single crystal ingot > silicon wafer 1.73 
Process chain to produce wafer 15.34 
 
Then, for most ICs, there are 15 to 25 masking steps performed on the wafer to create a 
number of individual ICs. Each step involves a series of processes as shown in figure 1.  
 
 
 
Figure 1 Steps in the production of an integrated circuit 
Source: Murphy et al 2003 Figure 3 
 
IC Production Steps 
• Washing the wafer using ultra pure de-ionised water which uses large amounts of 
energy to produce 
• Depositing a film on top of the wafer in a furnace 
• Applying a layer of photo-resisting material in a specified pattern. These involve 
organic and inorganic chemicals 
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• Exposing the wafer to ultra violet light to expose the un-protected areas 
• Developing the resist film in a liquid solution 
• Etching away the un-wanted parts of the film using chemicals 
• Removing the photo-resist using further chemicals 
 
In some cases, chip production occurs in one country, Europe for example and packaging 
in another country such as Singapore. Packaging involves processes such as cutting, 
welding, bonding, packaging, electrolytic tinning, clipping and insertion into a container 
tube. 
 
Some companies such as Philips are now monitoring inputs such as energy and water and 
endeavouring to reduce them. They have also banned the use of certain materials where a 
technologically suitable alternative is available. 
 
An analysis based on energy use gives the figures in table 3 which among other things 
suggests that energy use during production far outweighs that used during a typical 
operating life of the integrated circuit. 
 
Table 4 Energy used in manufacture and use of a single RAM IC 
Source: Williams et al 2002 
Phase of production Energy use MJ 
Silicon chain 5.8 
Chemical production 2.3 
Fabrication 27 
Assembly process 5.8 
Assembly materials 0.17 
Use 15 
Total 56 
 
According to one estimate in 2003, worldwide energy and water use in the production of 
ICs is 2.9 X 1010 kWh and 1.2 X 1011 litres respectively. This energy use is about two 
thirds of the quantity used in Queensland in 2005 and the water use is about enough to 
supply Sydney for 86 days. Or, based on worldwide IC production in 2002, one 2 g IC 
uses 1.7 kWh of energy and 7 l of water to make. 
 
Another way of describing this significant environmental impact is to describe an IC 
weighing 2 g as effectively weighing much more by virtue of the mass of material which 
went into its manufacture and use– about 1.7 kg by one recent estimation as given in 
table 5. 
 
Table 5 Mass equivalent in the production of one 2 g RAM IC. 
Source: Williams et al 2002 
Input Mass equivalent g 
Energy in production 1200 
Energy in use 440 
Chemicals 72 
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Total 1712 
 
 
There is considerable variation in some of this data between manufacturer, mainly by 
virtue of the age of technology being used but also dependent on exactly which IC 
product is assessed. However the overall message remains clear, that ICs are quite 
environmentally significant, certainly relative to their small size and apparently benign 
purpose. 
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